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HYDROPNEUMATIC. LEVEL-REGULATED AXLE SUSPENSION j 
ON VEHICLES, IN PARTICULAR FOR FULL-SUSPENSION VEHICLES 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The invention relates to the axle suspension of vehicles, in particular 
vehicles having large axle load spreads, such as in the case of tractors in 

1=5: 

O agriculture. 


y-i Description of Related Art 

H These vehicles have an extremely varied range of applications. It would 

l_ therefore be desirable for them to be able to travel greater distances very 

O 

rapidly on improved roads. They should be able to travel safely and 
comfortably at a high speed and they should have a suspension adapted to 
this. On the other hand, they should be suitable for use over difficult 
terrain, have a good rolling stability with a good load distribution to the 
wheels for optimal utilization of the tractor power and to reduce the ground 
contact forces. 



Conventional embodiments in the past have provided for the tractor to be 
designed so that a stable three-point support is created. The rear axle, 
which forms a two-point support through the support of the wheels, in 
combination with an oscillating front axle, which represents the third 
support point at the center of the axle, has a rigid design. 

The three-point principle with a rigid axle permits very good operating 
conditions with good rolling stability in the field. In driving on the road, 
however, driving performance and driving comfort are limited by a rigid axle. 
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SUMMARY OF THE INVENTION 
It is an object of the invention to create a suspension which will allow higher 
driving speeds for tractors with greater safety and driving comfort when 
driving on the road without restricting the driving performance of the three- 
point support which has proven successful in the field. 

These and other objects of the invention are achieved for a hydropneumatic, 
level-regulated suspension, in particular with a full suspension on vehicles 
having a great axial load spread with two double-acting hydraulic 
suspension cylinders each on the front and rear axles whose cylinder spaces 
in the accumulator combination form a first suspension circuit and whose 
piston-side annular spaces in another accumulator combination form a 
second suspension circuit, by the fact that the axle suspension for the front 
and rear axles is designed as a reversible double-function axle suspension, 
so that each axle is switchable both as an oscillating axle (in the transverse 
combination) and as a stabilizing axle (in the cross combination). 
Consequently, the axle suspensions are designed so that they may function 
as an oscillating axle or as a stabilizing axle as needed, i.e., the rear wheel 
axle is also switchable as an oscillating axle, and the front wheel axle is also 
switchable as a stabilizing axle. With such a design of the tractor axles, the 
rear wheel axle may be switched for driving on the road or for field work as a 
stabilizing axle in the traditional manner, while the front axle functions as 
an oscillating axle. The suspension of the stabilizing axle may optionally be 
blocked for field work, which results in the support points for the tractor 
body work being shifted further outward, thus achieving the rolling stability 
of a rigid axle. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The present invention will be described in greater detail with reference to the 
following drawings wherein: 

Figure 1 shows a schematic circuit diagram having switching for oscillating 
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function. 


Figure 2 shows the circuit diagram after switching to stabilizing function. 

Figure 3 shows a three-point support using a rear axle stabilization for 
driving on the road. 

Figure 4 shows a rear axle stabilization with blocked suspension for field 
work. 

Figure 5 shows a front axle stabilization with large loads on the front axle. 

Figure 6 shows a front axle stabilization with blocked suspension. 

DETAILED DESCRIPTION OF THE INVENTION 
If the front axle is loaded with a very high weight in front load work, it would 
be desirable for the front axle to be stabilized. In driving on the road, it is 
more advantageous for the front and rear axles to be able to act as 
stabilizing axles at the same time in some load cases for the purpose of 
reinforcing the rolling stability. There is an unlimited pairallel suspension 
on both axles, however, with a somewhat less favorable load distribution 
than in the case of a pure three-point support. In the other embodiment of 
the present invention, there is a three-point support in the case of great load 
differences between the axles by switching one axle as an oscillating axle 
and the other as a stabilizing axle. In the preferred case, the axle having the 
low load is switched to the oscillating function and the axle having the high 
load has the stabilizing function. 

In switching of the axle functions between the front and rear axles, either 
the suspension of at least one axle is blocked briefly or both axles are 
switched to the stabilizing function to prevent heeling in the transition. The 
axle function is switchable only in the case of an axle load where the 
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cylinder and annulus pressures have almost the same pressure level, so 
that pressure and accumulator connections may be changed under pressure 
without any problematical change in level or other problems. With 
conventional types of tractors, the construction dimensions of the 
suspension cylinders are coordinated so that the switching pressure level is 
approx. 75 bar, for example. In this case, the annulus pressure is regulated 
by a pressure regulating valve and the pressure in the cylinder space of the 
suspension accumulator is determined by the axial load. 

In the case of an oscillating function in the transverse combination, the axle 
load is supported on the cylinder surfaces, and in the case of axial 
stabilization in the cross combination, the suspension cylinders are 
functioning as plunger cylinders, so that the piston rod cross section here 
functions as a supporting surface. This results in a definite difference in the 
quantities of hydraulic oil to be received and delivered by the suspension 
accumulators during oscillation. In switching from oscillating function to 
stabilizing function, the cylinder space and annulus of an axle are switched 
in cross combination, and the accumulator in the annulus suspension 
circuit as well as the accumulator volume in the cylinder suspension circuit 
are isolated to counteract a drop in the spring rate because of the reduced 
quantities of hydraulic oil. In the case of any level correction, the 
accumulators that are isolated are kept at the pressure level designed for 
switching by the pressure regulating valve which regulates the annulus 
pressure in the oscillating function, so that automatic switching of the axle 
functions is possible. 

For level regulating, an electric level regulator whose signals activate 
solenoid valves for controlling the hydraulic regulating functions is assigned 
to each suspension cylinder. In the case of the oscillating function, both 
level regulators of an axial are switched in combination, and in the case of 
stabilization, the level of each suspension cylinder is regulated separately 
over the respective level regulator. 
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An additional possibility for optimizing tiie driving performance is provided 
by shock absorber elements which are inserted into the connecting line 
between the cylinder space and the pressure accumulator. 

The principle of the double-function axle also offers the economic advantage 
that axles of the same design may be used for the front and rear axles. 
Figure 1 shows a circuit diagram 1 of the double-function axle in the 
oscillating function. Double-action hydraulic suspension cylinders 2 and 3 
have cylinder spaces 4 and 5 and annuli 6 and 7. Cylinder spaces 4 and 5 
are separated from annuli 6 and 7 by pistons 8 and 9. Cylinder spaces 4 
and 5 are each connected to an accumulator 10 and 1 1 over lines 12 and 
13. Hydraulic shock absorber elements 14 and 15 are inserted into 
connecting lines 12 and 13, to damp the flow of hydraulic fluid. Annuli 6 
and 7 are connected to accumulator 18 over lines 16 and 17, while cylinder 
spaces 4 and 5 are connected to additional accumulator 21 over lines 19 
and 20. Valves 22 and 23 are energized in the position shown here and 
establish the connection between cylinder spaces 4 and 5 and accumulators 
21, 10 and 1 1 and also the connection between annuli 6 and 7 and 
accumulator 18. Valves 22 and 23 are controlled externally by switches or 
automatically as a function of the load via signals from pressure sensors in 
cylinder spaces 4 and 5 in that primarily only the axle having the lower load 
is switched to the oscillating function according to Figure 1 . Pressure- 
regulating valve 24 regulates the annulus pressure required at high load 
ratios. If the pressure level of the cylinder and annulus is approximately 
balanced, switching may be accomplished by zero current switching of 
solenoid valves 22 and 23, resulting in a cross combination between cylinder 
spaces 4 and 5 and annuli 6 and 7 and thus switching from the function of 
the oscillating axle to the function of the stabilizing axle. 

The general level regulation of the axle suspension is accomplished in the 
known way by electric level regulators 25 and 26 which are connected to 
electric control unit 27, which in turn controls control block 28 for the 
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supply and removal of hydraulic medium. The signals of the two level 
regulators are processed electronically to yield a uniform control signal 
without taking into account the oscillating motion in the case of an 
oscillating function. 

Figure 2 shows the wiring diagram of the double-function axle in the 
stabilizing function in which control valves 22 and 23 are not energized and 
a cross combination has been established between cylinder spaces 4 and 5 
and annuli 6 and 7. Accumulator 18 is separated from annuli 6 and 7 by 
de-energized valve 23, and the annuli are connected to cylinder spaces 4 
and 5 by cross connection. De-energized solenoid valve 22 interrupts the 
transverse combination on the cylinder side, isolates accumulator 21 from 
the cylinder suspension circuit and connects accumulator 2 1 hydraulically 
to accumulator 18. Cylinder space 4 is connected to annulus 7 over lines 
30 and 17. Cylinder space 5 is in turn connected to annulus 6 via lines 31 
and 16. Accumulator 10 in combination with suspension cylinder spaces 4 
and 7 forms the left suspension circuit, and accumulator 1 1 together with 
cylinder spaces 5 and 6 forms the right suspension circuit. Accumulators 
18 and 21 which are connected in the combination are inactive in the case 
of oscillation in the cross combination. They are regulated or held by the 
pressure regulating valve at the fixed switching pressure in the case of any 
level correction. The level of the left suspension circuit is regulated by level 
regulator 25, and the level of the right circuit is regulated separately by 
regulator 26, so that inclined positions are corrected statically. In the case 
of a parallel oscillation, the piston rods of the suspension cylinders act on 
accumulators 10 and 1 1 separately with their displacement quantities in the 
same direction of flow. In the case of rolling, however, the larger piston 
displacement quantities are in effect in the opposite direction of flow 
through the cross combination having the stabilizing effect of a transverse 
stabilizer due to the fact that the suspension circuit of the compression side 
absorbs much higher supporting forces in comparison with parallel 
suspension with a shorter spring path because of the larger quantities of oil 
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and the supporting force of the expansion side is greatly reduced. 


[Figure 3 shows schematically the thi-ee-point principle of the tractor design 
having front axle 39 and rear axle 40. Front wheels 35 and 36 and rear 
wheels 37 and 38 are each connd^ted by a double-function axle 39 and 40. 
Axles 39 and 40 are provided witp bearing supports 4 1 on front wheel axle 
39 and bearing supports 42 on rfear axle 40. The piston rods of suspension 
cylinders 2, 3 act on these supports 41, 42. Each axle 39, 40 is also 
equipped with longitudinal control arms 43 and 44. Dash-dot lines 45 and 
46 indicate the support of the t actor bodywork with the elastic suspension 
as a three-point support. In th: s embodiment, rear axle 40 is switched as a 
stabilizing axle according to Figure 2. The axle load is held oscillatingly by 
suspension cylinders 2, 3 of rear wheel axle 40 acting on stops 42. Front 
wheel axle 39, however, is switched as an oscillating axle, so that it is 
possible to oscillate about fulcrum 47. Suspension cylinders 2, 3 of front 
axle 39 act at points 4 1 and allow the oscillating movement. With this 
switching, the tractor is highlv suitable for driving on the road. However, it 
is also capable of field work. The distance between respective bearing 
supports 41, 42 and center line 48 of the tractor is the same. 

If maximum rolling stability of a rigid rear axle is required for field work, the 
oscillation on suspension cylinders 2, 3 is blocked for this case in Figure 4, 
which results in a greater spread in dash-dot lines 45 and 46 and thus an 
outward displacement of the support points of the tractor weight. This 
blocking may be accomplished by isolating the suspension accumulators or 
by moving the axle into the stops with optional additional locking. 


Figures 5 and 6 illustrate schematically the tractor according to Figures 3 
and 4, with the difference that rear axle 40 is switched as an oscillating axle 
and front axle 39 is switched as a stabilizing axle. The circuit according to 
Figure 5 is suitable in particular for driving with a very high load on front 
axle 39, while the circuit according to Figure 6 shows the spread of axle load 
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lines 45 and 46, which is achieved when the oscillation on beairing supports 
41 is blocked. 
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